Abstract
Introduction
During a period of three decades, the prevalence of obesity and severe obesity in children and adolescents has increased dramatically worldwide [1] [2] [3] [4] [5] [6] . In the Netherlands, the prevalence of obesity was recently estimated to be 2.7% and 2.9% among boys and girls, respectively [6] . Of them, about 20% suffer from severe obesity, corresponding to approximately 18,500 Dutch children and adolescents [3] .
Hyperlipidemia, hypertension, diabetes mellitus type 2, impaired respiratory and musculoskeletal conditions, and liver abnormalities are frequent complications of childhood obesity [7] [8] [9] [10] [11] . Severely obese children and adolescents are also more likely to suffer from psychosocial problems [12] [13] [14] , and report quality-of-life scores similar to children diagnosed with cancer [15, 16] .
Next to these physical and psychosocial complications, childhood obesity is related to increased healthcare utilization and costs [17] [18] [19] [20] . Furthermore, when severe obesity is present in childhood, there is a high probability that it tracks into adulthood [21, 22] , leading to health problems and accompanying healthcare costs also later in life [21, 23] . When compared with normal-weight adults, men and women who were overweight/obese during their childhood were estimated to have 19,479 EUR and 14,524 EUR higher healthcare costs during their adulthood, respectively [24] . Thus, reductions in childhood obesity may lead to short-term economic benefits in children and longer-term benefits in adults [17, 25] .
With regard to severe childhood obesity in particular, effective treatment could reduce the serious immediate and long-term burden on physical and psychosocial health of obese individuals and the society as a whole. However, severely obese children may warrant more intensive treatment than obese children [26, 27] .
Currently in the Netherlands, Heideheuvel is the only specialized childhood obesity center offering treatment for severely obese children and adolescents. Originally, this intensive 1-year lifestyle treatment included a 6-month inpatient period. However, an inpatient period of 6 months is expensive and poses a considerable burden on both the participants and their families. Therefore, an adapted treatment was developed with a 2-month inpatient period [28] .
Considering the large economic consequences of severe childhood obesity for the society, it is important to evaluate the cost-effectiveness of available treatments in order to help decision-makers determine which treatment should be reimbursed with the scarce resources available for healthcare. However, studies on the effectiveness of inpatient lifestyle treatments for severely obese children and adolescents are scarce [29, 30] , and, to the best of our knowledge, there are no studies on the cost-effectiveness of such treatments. Therefore, the aim of this study was to conduct an economic evaluation from a societal perspective comparing two intensive 1-year lifestyle treatments with varying inpatient periods (i.e. 2 months vs. 6 months) for severely obese children and adolescents with regard to standard deviation score BMI (SDS-BMI) and quality-adjusted life-years (QALYs).
Patients and Methods

Study Design and Population
An economic evaluation from a societal perspective was performed accompanying a randomized controlled trial with two treatment groups and a follow-up of 24 months. The Medical Ethics Committee of the VU University Medical Center (Amsterdam, the Netherlands) approved the study protocol. Prior to randomization, written informed consent was obtained from both the participants and their parents/caregivers. The treatment lasted 1 year after which the participants were followed up for another year. Details of the study have been described elsewhere [28] .
The study population consisted of 80 participants (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) years) with severe obesity. All participants were referred to a specialized childhood obesity center by their local pediatrician after insufficient response to ambulatory obesity treatment. Severe obesity was defined as SDS-BMI ≥ 3.0 (99.9th age-and sex-specific percentile of BMI in the 4th Dutch nationwide growth study of 1997) or as SDS-BMI ≥ 2.3 (99th age-and sexspecific percentile of BMI in the 4th Dutch nationwide growth study of 1997) in combination with obesityrelated comorbidity [28, 31] .
Intervention Conditions
Both groups received an intensive 1-year lifestyle treatment with either an inpatient period of 2 months (short-stay group) or 6 months (long-stay group). The treatment focused on nutrition, physical activity, and behavior change and required active participation of the parents/caregivers. Treatment was delivered at a specialized childhood obesity center, Heideheuvel, in the Netherlands. A more detailed description of the content, frequency, and intensity of the treatment can be found elsewhere [28] .
Randomization and Masking
The primary researcher, who was not blinded to treatment allocation, randomized all participants to the short-stay (40 participants) and long-stay group (40 participants) using a table of random numbers [32] .
Because of the nature of the treatment, participants, their parents/caregivers, and healthcare professionals could not be blinded to the treatment.
Effect Measures
Data were collected at baseline, 6, 12, and 24 months and included SDS-BMI and QALYs. BMI was calculated as weight/height 2 (kg/m 2 ). The degree of overweight was quantified using Cole's least mean square method, which normalizes the BMI's skewed distribution and expresses BMI as SDS-BMI [33] . SDS-BMI was calculated with the Growth Analyzer [34] using the 4th Dutch nationwide growth study of 1997 as reference [ 31] .
QALYs were estimated using the EuroQol (EQ-5D) [35] . The EQ-5D descriptive system consists of five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) with three levels of severity (no problems, some or moderate problems, extreme problems). Per dimension, participants were asked to choose the level that best described their current health status. The participants' EQ-5D health states were subsequently converted into utilities using the Dutch EQ-5D valuation tariff ( table 1 ) [36] . Utilities represent quality of life in a single number with anchors at 0.0 (death) and 1.0 (full health). QALYs were subsequently calculated by multiplying the utility of a health state by the duration of time spent in a particular health state. Transitions between health states were linearly interpolated.
Costs
Costs were measured from a societal perspective, including the costs of treatment, healthcare, transportation, and lost productivity of the parents/caregivers. The societal perspective is advocated by the Dutch Manual of Costing [37] Table 1 . Dutch utility tariff [36] whether the societal costs of an intervention are less than the benefits experienced by all stakeholders, rather than simply e.g. the healthcare sector's costs being less than its benefits [38, 39] . Table 2 lists the cost categories and unit prices used in this study. Treatment costs were estimated based on prices paid. Healthcare utilization, transportation, and lost productivity data were collected using cost dairies, which were sent to the parents/caregivers every 3 months. Dutch standard costs were used to value healthcare utilization [37] . Transportation costs were estimated in accordance with the Dutch manual of costing [37] . Lost productivity consisted of hours taken off from work by parents/caregivers because of the treatment. Average sex-specific productivity costs per working hour were used to estimate lost productivity costs [37] . All prices were adjusted to 2010 EUR using Dutch price index figures [40] . This reference year was chosen, as the majority of the participants' resource use occurred in 2010. In accordance with the Dutch Manual of Costing, costs and effects occurring during the 2nd year of follow-up were discounted at a rate of 4% and 1.5%, respectively [37] .
Statistical Analyses
The sample size was calculated to detect a 0.5 SDS-BMI difference between the two groups after 1 year of treatment which is considered a clinically meaningful effect size [41] . Based on a power of 80% and a twotailed significance level of 5%, two groups of 40 participants were needed [28] .
Analyses were performed according to the intention-to-treat principle. Baseline characteristics were compared between the two treatment groups and between participants with and without complete followup. Independent Student's t-tests were used for continuous variables and chi-square tests for categorical variables using IBM SPSS Statistics for Windows, Version 21 (SPSS 21; Armonk, NY, USA). Statistical significance was set at a p value < 0.05.
Missing data were imputed using multiple imputation, stratified by treatment group. Sex, household situation, ethnicity and Socio-Economic Status were used as predictors in the imputation model. Using predictive mean matching and fully conditional specification, 15 complete data sets were created in SPSS 21 (loss of efficiency ≤ 5%) [42] . Pooled estimates were calculated according to Rubin's rules [42] .
Both a cost-effectiveness analysis (CEA) and a cost-utility analysis (CUA) were performed. Effectiveness at 24-month follow-up was analyzed using linear regression, adjusted for baseline values. 95% confidence intervals (95% CIs) around differences in total and disaggregated costs were estimated using bias corrected [39] . Seemingly unrelated regression (SUR) analyses were performed to estimate cost and effect differences while taking into account the correlation between costs and effects [43] . Subsequently, incremental cost-effectiveness ratios (ICERs) were calculated by dividing the total cost differences by the effect differences. The uncertainty surrounding the ICERs was graphically illustrated by plotting bootstrapped incremental SUR on cost-effectiveness planes (CE-planes) [44] . Finally, a summary measure of the joint uncertainty of costs and effects was presented using cost-effectiveness acceptability curves (CEACs). CEACs indicate the probability of an intervention being cost-effective in comparison with usual care at different values of willingness-to-pay (i.e. the maximum amount of money decision-makers are willing to pay per unit of effect gained) [45] . These analyses were performed with Stata Statistical Software version 12 (College Station, TX, USA).
Sensitivity Analyses
Two sensitivity analyses were performed to test the robustness of the results. In the first sensitivity analysis, the analyses were repeated without discounting of costs and effects. In the per protocol analysis, only participants who took part in at least 75% of the treatment sessions were included. A post-hoc analysis was performed stratified for sex.
Role of the Funding Source
The study is funded by The Netherlands Organization for Health Research and Development (ZonMw). The funder had no role in design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
Results
Participants
In total, 169 participants were referred by their local pediatrician after insufficient response to ambulatory obesity treatment. Of them, 89 were excluded based on either a decision made by the staff of Heideheuvel (N = 46) or by the family (N = 43). This left 80 participants to be included in the study ( fig. 1 ) .
At baseline, no relevant differences were found between the two treatment groups ( table 3 ) . Complete follow-up was obtained from 24 short-stay and 25 long-stay group participants (61%) on the effect measures. 55% had complete cost measures in the 1st half year, 40% in the 2nd half year, 61% in the 3rd half year, and 24% in the 4th half year. There were no statistically significant differences in baseline characteristics between participants with and without complete follow-up.
Effectiveness
SDS-BMI decreased in the first 6 months of treatment, stabilized in the second 6 months and increased during the 2nd year in both groups. The increase in SDS-BMI in the long-stay group was larger than in the short-stay group ( fig. 2) . After 24 months, SDS-BMI was similar in both groups, but remained lower than baseline values (mean difference 24 months and baseline -0.24, 95% CI -0.42; -0.06).
The mean utility score was 0.77 ± 0.04 (mean ± standard error (SE)) in the short-stay group at baseline and 0.88 ± 0.02 and 0.87 ± 0.02 after 12 and 24 months, respectively. The mean utility scores for the long-stay group were 0.80 ± 0.03, 0.91 ± 0.01 and 0.90 ± 0.02 at baseline, after 12 and after 24 months respectively. The mean number of QALYs gained after 24 months was 1.68 ± 0.03 in the short-stay group and 1.75 ± 0.03 in the long-stay group; however, this was not statistically significant (mean difference -0.07, 95% CI -0.16; 0.02) ( table 4 ). EQ-5D = EQ-5D descriptive system; SD = standard deviation; SDS-BMI = standard deviation of BMI; SES = socioeconomic status.
a The short-stay group participated in a 2-month intensive inpatient treatment during weekdays, followed by biweekly return visits of 2 days during the next 4 months, then followed by 6 monthly return visits of 2 days.
b The long-stay group participated in a 6-month intensive inpatient treatment during weekdays, followed by 6 monthly return visits of 2 days. CI = Confidence interval; EQ-5D = EQ-5D descriptive system; QALYs = quality-adjusted life years; SDS-BMI _ standard deviation of BMI, NA = not applicable.
a All costs are expressed in 2010 EUR. b Healthcare costs are the sum of the primary healthcare costs (e.g. cost of a general practitioner) and secondary healthcare costs (e.g. cost of a hospital-based physicians).
Costs
Mean total costs in the short-stay group were statistically significantly lower than in the long-stay group (mean difference -23,639 EUR). Treatment costs were the greatest contributor to this cost difference. In the short-stay group, healthcare costs were significantly higher and transportation costs significantly lower than in the long-stay group ( table 4 ) .
Economic Evaluation
The results of the CEA and CUA are presented in table 5 . For SDS-BMI, the ICER was -1,479,463 EUR per point SDS-BMI indicating that one point higher in SDS-BMI in the shortstay group is associated with savings of 1,479,463 EUR in comparison with the long-stay group. The difference in SDS-BMI between both groups after 24 months was very small leading to this very large ICER that is difficult to interpret. In the CE-plane, 46% and 54% of the incremental cost-effect pairs were located in the South-East and South-West quadrants, c Sensitivity analysis II: analysis with per protocol participants only (per protocol ≥ 75% of treatment followed). Positive cost differences indicate more costs for the short-stay group. Negative effect differences indicate a beneficial effect in favor of the short-stay group. 1 Refers to the northeast quadrant of the CE-plane, indicating that the SS is more effective and more costly compared with the LS. 2 Refers to the southeast quadrant of the CE-plane, indicating that the SS is more effective and less costly compared with the LS. 3 Refers to the southwest quadrant of the CE-plane, indicating that the SS is less effective and less costly compared with the LS. respectively ( fig. 3 a) , confirming the small difference in effects between the groups and the statistically significant difference in costs. The CEAC for SDS-BMI shows that the probability of the short-stay treatment being cost-effective in comparison with the long-stay treatment is 1 at all values of willingness-to-pay between 0 and 50,000 EUR/point SDS-BMI , after which it gradually decreased with increasing values of willingness-to-pay ( fig. 4 a) . 
Sensitivity Analyses
The overall conclusions did not change in the sensitivity analyses ( table 5 ) . However, a post-hoc analysis revealed different effects for boys and girls. The results for boys were in line with the main analyses, namely a difference in SDS-BMI between the groups in favor of the long-stay group. Although this difference was larger than in the main analysis, it was still not statistically significant. However, in girls the difference in SDS-BMI was in favor of the shortstay group. The ICER indicates that one point decrease in SDS-BMI in the short-stay group in comparison with the long-stay group is associated with savings of 237,482 EUR. For QALYs gained results were similar to the main analyses for both sexes. 
Discussion
The present study aimed to conduct an economic evaluation comparing two intensive 1-year treatments with varying inpatient periods for severely obese children and adolescents with regard to SDS-BMI and QALYs, with an additional year of follow-up. In both groups, SDS-BMI decreased during the 1st 6-month period, stabilized during the 2nd 6-month period, after which it slightly increased. It is noteworthy that such a decrease in effect during the 2nd year of follow-up was not found for health-related quality of life (i.e. utilities). An explanation for this might be that psychological benefits of the intervention were maintained in the 2nd year, whereas physical benefits (e.g. weight loss) were not. But further research is needed to establish this. Societal costs were significantly lower for the short-stay group in comparison with the long-stay group with treatment costs being the main contributor. The higher healthcare costs among participants in the short-stay group can be explained by the fact that they were more dependent on healthcare outside the center as their inpatient period was shorter. Parents/caregivers in the long-stay group had higher travelling costs as they had to travel to the center more frequently during the 1st half year of treatment. Contrary to our expectations, lost productivity costs were highest in the short-stay group. CE-planes and CEACs showed that the short-stay treatment was cost-effective in comparison with the longstay treatment for values of willingness-to-pay ranging from 0 to 83,000 EUR/QALY gained and from 0 to 163,000 EUR/point SDS-BMI.
Only few studies evaluated the effectiveness of obesity treatments in severely obese children and adolescents. Most studies showed weight loss during the intensive treatment period, but weight gain during follow-up [46] [47] [48] [49] [50] . Two studies evaluated treatments including an inpatient period, similar to our study. They reported substantial weight loss directly after treatment [51, 52] ; however, long-term results were not presented. Our study confirms the effectiveness of inpatient treatment for severely obese children and adolescents on SDS-BMI, but this was not maintained during 1 year of follow-up after treatment. Kelly et al. [51] . stated that the ultimate goal of behavioral interventions should be to improve the quality of life in children and adolescents with severe obesity In our study, utility scores increased by 0.11 points on a scale of 0.0-1.0 in both groups during the 1-year treatment. Remarkably, this improvement in quality of life was maintained during the additional year of follow-up with no statistically significant difference between groups, despite an increase in SDS-BMI during that year.
Strengths and Limitations
This study has several strengths. First, to our knowledge, this study was the first to evaluate the (cost-)effectiveness of inpatient treatments for severely obese children and adolescents. Secondly, this study was designed as a randomized controlled trial, reducing the risk of bias [53] . Moreover, costs and effects were collected prospectively under 'real life' conditions. Thirdly, the CEA was conducted from a societal perspective, which meant that not only treatment costs were taken into account, but also the costs of healthcare utilization, transportation, and lost productivity of the parents/caregivers, although these were relatively low. Fourthly, the total follow-up of 24 months was relatively long in comparison with other studies carried out among youth with severe obesity.
There are also some limitations of our study. Firstly, the high rate of missing data; only 24% had complete cost data available in the last half year of follow-up. Multiple imputation was used to deal with missing data, to avoid the inefficiency associated with complete-case analyses, and to prevent bias through selective drop-out [42] . Secondly, since the power calculation was based on detecting a difference of 0.5 SDS-BMI, the study was underpowered to detect relevant cost differences, which was reflected in wide confidence intervals around the cost differences. Thirdly, as Dutch utility tariffs are lacking for quality-of-life instruments for children and adolescents (e.g. EQ-5D-Y, YQOL, KINDL-R), we opted to use the EQ-5D for estimating QALYs. The EQ-5D, however, was originally designed for use in adult populations, which may limit the validity of the EQ-5D in measuring quality of life in children and adolescents. Finally, no usual care group was included in the present CEA, because participants who were allocated to the weight list group during the 1st year of follow-up, were allocated to one of the treatment groups during the 2nd year of follow-up [28] .
Implications
For severely obese children and adolescents with insufficient response to ambulatory obesity treatment, inpatient treatment may be a promising alternative [41] . However, definitive conclusions regarding the cost-effectiveness of the short-stay treatment should be postponed until information is available about the cost-effectiveness in comparison with usual care. In our study the weight loss was promising during the intensive treatment, although it was not maintained during 1 year of follow-up after treatment. Investments in intensive treatments will only be justified if weight loss is sustained over a longer period after treatment. Moreover, maintenance of weight loss is necessary to prevent the long-term health and economic burden of childhood obesity. Therefore, continuous treatment, monitoring, and periodic intensive return visits after intensive treatment seem essential to ensure long-term maintenance of weight loss [30] . In our study, continuation of the monthly return visits of 2 days for 1 year after treatment has ended will lead to additional costs of 7,878 EUR per participant. Future studies should evaluate whether costs of such intensive follow-up weigh up against the effects. On the other hand, inpatient treatment is costly and poses a high burden on the families participating; so preferably this continuous treatment is organized in the home environment making it more feasible and less expensive than intensive treatment in specialized childhood obesity centers.
Conclusion
Inpatient treatment may be a promising alternative for severely obese children and adolescents with insufficient response to ambulatory obesity treatment. After 24 months, there were no differences in SDS-BMI and QALYs gained between the groups. Costs were significantly lower for the short-stay treatment in comparison with the long-stay treatment. Based on these results, the short-stay treatment can be regarded as cost-effective from the societal perspective in comparison with the long-stay treatment.
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